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THE FLOW GF A VISCOUS RAREFIED GAS AROUND A FLAT
BALF INFINITE PLATE
- SR -

{Following 18 a translatiom of an article by
A. 1. Banimovich in Izwetis Alademii Heuk SSBR
Otdolaniye Tekimicheskikh Neank, Mekhanike i
mm; Jo. 5, 1959, pages ].6*18
(Bussian, by ALB).]

The problen of & viscous rerefied gas £low about & flatb
seniinfinite plate is being solved. It ix assuped that the viscomity

factor at & temperature T is determipsd by the formuls
e .

7/;‘;_.. w(’?‘) {0.3)

It 413 shown that the acocountipg of the sedate dependsnce
of ' from T leads to the deductions of the gas raxefection influence
on the serolynemic obaracteristics, gqualitatively different fxom
those obtained in the works in which the linesaxr law of # frem ¥
dependence wae Deing investigated (for exmupls V. P. Shidlovekiy (1),
and M.F. Shivokove (2). *
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# 1. Let us treosforis the variables, as proposed by

A.A. Dorodnitein, in the boundery layer equations corresponding o
the Tlow sbout & plate with = Prandtl nuober equalling the unit.

£ = %, n o 33' L. 8¥ (1.1)
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I faa
and, in eccordance with (1), let us pess Lo dimensionless varisbles

poeq /’i..é..) -% N (@%_> 4 (.2)

S
apd to the sought dimpusionless functlons
- v 1 / " 3 i’ ?;n-—
¥ =¥ , 3 = s - {&,vy-&\v“?ﬂ: s T =
R LA ¢ v | ¥ 7Y (1.3}

{In the following, the stroks sbove dimensicnless ‘varisbles
Vﬁ.l be mtm)o m, ve ohall bave, as ususl - miﬁx;
- viscomity factor, vy, V_ - cONposing velooities, T - tamperature,
1 - length of the averags mblocules fres run path, U - the creeping

ﬂlo




flow's velocity, the indexcoyefers to magnitudes corresponding to
the wmperturbed flow.
By introducing the current / function in formulas: (1)
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the bowndeyy layer equations will take the fornm ” "
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\ into acoount the slip and the temperature Jumpe,
they way be written in the foxm: (¥)

¥, =rl % ; %awna-mx.i?; "y =0 (1.6)
e 996 2-49. h,,-@/”)h‘ 3 2y )
( ) I 2=+ [+1
whare - end & - sccommndation coefficients, - plate’s temperature.
If we take account of the locel 1 the fres run's
path with the temperature, the conditions (1.6} may be written
L o < . s/ 2T sow Ao O
;:)# - TJTn-h :‘,7_ jj 5 }; «J’a’{ - O 1T, “é,;,wr" z ,73_7;—« fipy fos S
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(1.7}
2. For the estabiishmwent of the solution, and acgording to
{1} let us present the sought functions in the form of * power series.

o 10(& Wty »}"(?\}4«- , ‘Emﬁn(avbiﬁl { 3@’; + o0 - {(2a1)

let us note, that since egmations (1.5) and the Wv
conditions (1.7) of the examined problem are exact to the “power
sories epproxizaticn, we showld limit ourselves to the ssms pover
geries approximmtion in the dscompositioms (2.1).

Let us substituts the series (2.1) into the egquations and
poundaxy comditions, snd sssenble along the members of the smms *7oxder.
Vie ahell obtalin:

a) for the zero epproximstion

22t g G @2
2 (B FMe) ot ¢ (1 1M LT o

%(‘3) = <ﬁ' (0) = 0, ?3(0) = Ly ‘&' ("’}’ =1, 7‘:9 (¥=1




b) For the firet spproximation

2r, 2 AN+ (g v aln - 1) @ g a0 (2.3)
2{z o n-3, 1)" + (fT yre2(y- 1):§ 2 f({n - )7 ”"21)0 9"?1 + 2130 ﬁ"ﬁ‘

fal0) = 0, fy0(0) = wg" (O)F, 7, p1'(0) =0, Ty(ed =0

The sero spproximetion system of equaticns (2.2) determines
the solubion of & known boundary layexr st fist plste problam, with
& comstant T, temperature, and with & flow about it by s compremsidle
o ¥or T, there is the known (3) farmmla
T, () =1, - Y-‘-‘-}‘ KB 3N s (-1, ,*1..:.}_..,, R LAV RN

nel
1=0

Far fo, the equation is solved mmerically (compsre to sxmaple

n (3) ).
The solution of the first approximation squations determines

the corrections resuliing fram the gos rurefacticn. The analysis of
thowe oquations shows that if we pose in the doundsry condbions (2.4)
h =1, the solution my be found in the form

20 = mPEo s T 0= B (2.5)

#3. Teking into account Tormulss (1.2), 2.4) snd (2.5) we shall
obtain

i‘(}\}wi - ‘L:“"' K, a‘fe (A)*(l-& L“"’Hw Tw)ﬂfﬂ'(\)‘f
vm " [(:w ICR el - (=D WE"N ¥ (32)

This relationship vith an up toz,? order magnitudss coliuncides
with the unknown integrel for the oonventionsl boundary layer:

ve1, -L(y-0 nmevf-r(s.-r T-'-g—inw"?-mw) v, (.2

A% to the slip flov velocity near the plate'’s surface, we
cbtain from formulss (1.7), (2.1), {(2.5), passing to messureble
values

p

n-} % |
(Ve gep = Url, ( % ) ( %;E“i") o {0) (3-3)




The friction stress over the plate is determined by the
ox

‘ Fw -4 r '*éux\\. 4 T n-4
Ty ™ Wy, (T) Woa (0) + r1 “'ﬁj (...!) fcﬁ(o)J (3.k)

or, by mbut.itatmg the vulm# "1 (0) fyom the firast equatiom
(z.a), utilizing the my conditions<f ,(0) =</ (0) = 03

To(0) = Ty, |
Ty = (_;;’::)”a D‘T)‘ fo (O F

n-3/2
% [1 +(1-n) rl,,om? ) ( " -q:) To" (0) (3.5)

Conmsegquently, the j.od tzm that the slip flow and the
temperature Sump, at the order mewmbers approximation, Mave no
influence on the megnitude of the Triction stress, which was cbtained
in numerous works - for essmpie in (1) -, is swoourate only on
the comiition thet & lav of linear dependence fxam I 18 chosen,
3000 0 = 1. It also yesults from formule (3.5). that the ges
reyefection has no influsnce on friction streas, if ths plate's
t(;qparatuge is equal to thet of the creeping flow deceleration

= T »
o The relative incresse of the resistance factor becmuse of
the gas rarefection influwence is determined by the formmla

- ' e [T n-3/2 ‘Toc Tv>§
ﬁ_ﬁi_cn 2(1 - n) r /..x) (m R " (0) (3.6)

where L - the plate's length, R = UL/% - the Reynolds number, and
the plus and minus indices mre respsctively related to the rarefied
and to the dense ges

The gas temperature near the plate's surface T, according to

(3.1)

Ty = T oarle (#—B \._.‘.'.7 (..99...3‘.'.. £ () (3.7
Feo T “x Ta | To ~ T
Consequently, if T, ” Too, the rerefaction's influence lesds

to the decrease of the gns mratm at the wall T,; if Ty < Ty,

the gas temperature at the wall incresses. When ’1‘ = Too then

T+ = Wo
The relative heat trensfer coefficient is determined by

the formmla n-} i
Cq- ~Cgs _ & Ty ° 4 oMO)
Cas " o - Tw |4 |

%[(x-w(%@;m%aé_ *q-z)&j (3.8)
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The cslculations carried out in the cass n = .76,
Te 1.4, show that in the venge

28 M. SM0325 % M. S0,

the gas rexefmction laads to the increese of the difference

6g. = gy # 1 3, DTy S0k 10 & ecreese Vhen T, L T,

It us note that the equaticns sxsmined in the works
(1wza,mmmmw-§rmu.a) if vo pose n = 1.
At the ssmm time, the megnitude ¥,"(0) Decoes squal to the known
Blasius ognstant o = 0.3321.

Prosented My 18, 1959,
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